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Abstract
Background: Because disease progression is so fast in sudden death of acute fulminant myocarditis, damage of
myocardial cells is not evident in routine hematoxylin and eosin staining. To understand damage to myocardial
cells and the mechanism of sudden death, immunohistochemical staining was performed for two forensic autopsy
cases.
Case presentation: The patients were a healthy 5-year-old girl and 8-year-old boy. They suddenly died within 2
days of appearance of flu-like symptoms. An autopsy showed accumulation of yellowish-clear pericardial fluid
containing fibrin deposits, fluid blood in the heart, and congestion of visceral organs. Histologically, minor necrosis
or degeneration of myocardial cells with mainly lymphocytic infiltration was observed sometimes in tissue sections.
Immunohistochemically, positive complement C9 staining and negative sirtuin 1 staining were found. These
findings suggested wide damage of myocardial cells, even in regions with no marked changes in myocardial cells
with hematoxylin and eosin staining. These areas corresponded to those with strong accumulation of lymphocytes.
Conclusions: Immunohistochemistry for complement C9 and sirtuin 1 might become a new tool for evaluating
damage of myocardial cells of fulminant acute myocarditis.
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Background
Acute myocarditis and fulminant myocarditis are relatively
rare inflammatory diseases and can become a cause of
sudden death (Matsuura et al. 2016). The mortality rate of
fatal myocarditis is 0.46 per 10 million patients
(Kamiyama 2016). Because the symptoms of myocarditis
are widely distributed from mild flu-like symptoms to fa-
tality, clinical diagnosis is difficult owing to its prompt
progression (Fuse et al. 2000; Dancea 2001). Clinically,
some cases lead to unexpected sudden death and are sub-
sequently diagnosed at forensic autopsy. Diagnosis of
myocarditis is based on histological evidence of an inflam-
matory infiltrate of myocardial cells with necrosis and/or
degeneration of adjacent myocytes that is not typical for
ischemic damage associated with coronary artery disease
(Aretz et al. 1987). However, especially for fulminant
cases, damage to myocardial cells is not evident in routine
hematoxylin and eosin (HE) staining in some cases be-
cause progression of disease is so rapid. Therefore, under-
standing the mechanism of sudden cardiac death is
difficult for these cases.
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We report two sudden deaths of children with acute
fulminant myocarditis. Novel immunohistochemical
methods clearly showed damaged myocardial cells. Our
findings will help to understand progression of acute ful-
minant myocarditis in children.
Case presentation
Case 1
A healthy 5-year-old girl had suffered from mild abdom-
inal pain with a body temperature of 38 °C. The evening
after her symptoms appeared, her appetite was lost and
general fatigue increased. One day after the appearance
of symptoms, she was transferred to a hospital because
she was vomiting frequently. At arrival to the hospital, a
blood examination showed a white blood cell count of
21,800/μl (normal range 4100–15,000/μl), platelet count
of 27.2 × 104/μl (18.0–51.0×104/μl), creatine kinase level
of 135 U/I (46–230 U/I), and C-reactive protein level of
3.2 mg/dl (> 1.29 mg/dl). A volume of 1000 ml of fluid
infusion with 10 mg of metoclopramide improved her
general condition, and she returned home. However, her
general condition worsened again and frequent vomiting
and abdominal pain appeared. Therefore, she was trans-
ferred to the hospital again. Before arriving at the hos-
pital, she was in cardiopulmonary arrest. In spite of
resuscitation attempts, she was pronounced dead 2 days
after appearance of the initial symptoms. A forensic aut-
opsy was performed the next day. Her height was 114
cm and weight was 18.6 kg. No marked abnormalities
were found externally. The heart weighed 104.3 g and
contained blood, with 15 ml in the right atrium and 5
ml in the left atrium. A volume of 50 ml of yellowish-
clear pericardial fluid containing fibrin deposits was also
found. Other organs showed marked congestion without
any abnormalities. A histological examination was per-
formed, and the bottom and outlet of the right ventricle,
anterior wall, posterior wall, septum, and outlet of the
left ventricle were examined. Minor necrosis and
degeneration of myocardial cells were observed some-
times in tissue sections, with a lot of lymphocytic infil-
tration and a few areas of neutrophilic infiltration in the
interstitial spaces in each location. However, these find-
ings were marked, especially in four locations in the left
ventricle (Figure 1a). No bacteria were detected by a
blood culture. Toxicologically, neither alcohol nor other
illicit drugs were found in the blood or urine. A viral
examination was not performed because of the limited
amount of blood. Finally, she was diagnosed as dying
from acute fulminant myocarditis.
Case 2
A healthy 8-year-old boy had suffered from general fa-
tigue with a body temperature of 39.6 °C. The next day
after appearance of these symptoms, his general condi-
tion did not improve and a temperature of 38.6 °C per-
sisted. At noon, he suddenly deteriorated and was
immediately transferred to the hospital. At arrival to the
hospital, he suffered from ventricular tachycardia. Al-
though a resuscitation attempt was performed, he was
soon pronounced dead. A forensic autopsy was per-
formed the next day. His height was 122 cm and body
weight was 22.4 kg. No external abnormalities were
found. The pericardial cavity contained 12 ml of
yellowish-clear fluid with fibrin deposits. A volume of
100 ml of dark red blood was found in the heart cavities.
The heart weighted 134.5 g and showed petechial
hemorrhage on the surface of the visceral pericardium,
but it was otherwise normal. Histologically, myocardial
cells with minor necrosis and degeneration were ob-
served sometimes in tissue sections. There was also a lot
of lymphocytic infiltration and a few areas of neutro-
philic infiltration in the interstitial spaces of the bottom
and outlet of the right ventricle, anterior wall, posterior
wall, septum, and outlet of the left ventricle (Fig. 1b).
The histological features were similar for six locations. A
serological examination did not show adenovirus,
Fig. 1 Histopathological findings of the left ventricle in case 1 (a) and case 2 (b). In myocardial cells of both cases, myocardial cells with minor
necrosis and degeneration were observed sometimes in tissue sections, with a lot of lymphocytic infiltration and a few areas of neutrophilic
infiltration in the interstitial spaces (magnification, × 400)
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influenza A or B, coxsackie A, rotavirus, or respiratory
syncytial viruses. Toxicologically, except for acetamino-
phen and lidocaine, which were used for medical inter-
vention, no drugs and alcohol were detected from the
blood. Finally, he was diagnosed with acute fulminant
myocarditis.
Immunohistochemistry
Immunohistochemical staining for complement C9
(CC9) and sirtuin 1 (SIRT1) was performed. We pre-
pared 5-μm paraffin sections of the heart in the two pa-
tients by dewaxing, rehydrating, and treating with 0.3%
H2O2 for 30 min to block endogenous peroxidase. For
antigen retrieval, the sections were autoclave-treated in
citrate buffer at pH 6.0 for 10 min and allowed to cool
for 30 min. The sections were incubated at room
temperature with 10% normal rabbit serum or 10% nor-
mal goat serum (Nichirei Co., Ltd., Tokyo, Japan) for 10
min. A mouse monoclonal antibody against CC9 (clone
10A6, 1:2000 dilution; MAB9622; Abnova, Taipei City,
Taiwan) or a rabbit monoclonal antibody against SIRT1
(clone E104, 1:2000 dilution; NB110-57573; Novus Bio-
logicals, CO, USA) was then applied with incubation
overnight at 4 °C. Indirect immunostaining was achieved
using the streptavidin-biotin-peroxidase technique. Per-
oxidase was developed using a diaminobenzidine kit
(Peroxidase Stain DAB Kit [Brown Stain]; Nacalai Tes-
que, Kyoto, Japan). As a negative control, the heart of a
child who died in a traffic accident was used. The sec-
tions were also lightly counterstained with hematoxylin.
For the six locations of the heart, CC9-positive staining
was observed in the cytoplasm. However, these stained re-
gions did not correspond to abnormalities of HE staining.
The positive areas corresponded to those of strong accumu-
lation of lymphocytes. SIRT1-positive regions were found for
most of the cytoplasm of myocardial cells, but SIRT1 stain-
ing was negative in CC9-positive regions (Fig. 2). The CC9-
positive regions were more marked observed in case 2 than
in case 1. In case 1, the CC9-positive region was marked in
the septum and outlet of the left ventricle; in case 2, marked
in the septum and posterior wall of the left ventricle.
Conclusions
In our two cases, the patients suddenly died with short
clinical courses. The cause of death was determined by
forensic autopsies. Myocarditis is found as a potential
cause of death in 3.7% of sudden infant death syndrome
cases (Grasmeyer and Madea 2015). As shown in our
cases, performing forensic autopsies for unexpected
death in children is important (Weber et al. 2008).
Generally, postmortem diagnosis of myocarditis is
based on necrosis and/or degeneration of myocytes and
adjacent inflammatory infiltrates (Aretz et al. 1987; Aretz
1987). However, histopathological diagnosis by routine
HE staining remains difficult for some sudden death
cases, especially for fulminant cases with short clinical
courses. Our two patients showed remarkably similar
clinical presentations. The pathological findings with HE
staining also showed similar results of degeneration and
necrosis of myocytes with dense lymphocytic infiltration
in the interstitial spaces.
For sudden death by fulminant myocarditis, necrosis/de-
generation of myocardial cells is not obvious in HE-
stained specimens. Several types of immunohistochemical
staining are applied to acute myocarditis for detecting
changes in . Expression of tumor necrosis factor-α (TNF-
α) has been examined in the myocardium in human myo-
carditis (Jibiki et al. 2000). TNF-α is mainly localized in
cardiac myocytes and blood vessels and not in infiltrated
mononuclear cells. Although TNF-α has multiple actions
that mediate the pathogenic processes of cancer, septic
shock, and inflammation, the authors speculate that ex-
pression of TNF-α in fatal human myocarditis may act as
a myocardial depressant. Additionally, immunostaining of
tenascin-C has been applied for human acute myocarditis
cases (Morimoto et al. 2005; Imanaka-Yoshida et al. 2002).
Positive staining for tenascin-C is localized in the vicinity
of damaged myocardial cells and it reflects disease activity.
The authors consider that although expression of
tenascin-C is not a specific finding for myocarditis, it is as-
sociated with injury and inflammation caused by various
pathogeneses.
Recently, immunohistochemical staining of the heart
has been applied for sudden death cases and morpho-
logical changes in acute death have been evaluated. CC9
is useful for detecting acute myocardial damage. When
abnormalities are not detected in HE staining in acute
myocardial infarction within 6 h of onset, positive find-
ings of CC9 are observed (Jasra et al. 2012). Further-
more, SIRT1, which modulates cellular adaptation to
hypoxia by targeting hypoxia-inducible factor α, is also
useful for detecting damaged myocytes. SIRT1 is highly
expressed in the normal heart and regulates a wide array
of cellular process and cardiac electrical activity, and
plays a major role in progression of heart failure (Vikram
et al. 2017; Tanno et al. 2012). With regard to sudden
death due to ischemic heart disease, we barely had ob-
tained typical pathological changes because of the short
survival period. However, CC9-positive and SIRT1-
negative findings show acute damage of myocardial cells
(Morita et al. 2015a; Morita et al. 2015b). In this study,
we confirmed that this immunohistochemical approach
is useful for detecting damaged myocytes, even for sud-
den death by myocarditis. In this approach, because
damaged myocardial cells are more obvious than with
other immunohistochemical stains in acute myocarditis,
we can easily understand the reason for sudden cardiac
arrest. Although CC9 or SIRT1 expression is not a
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specific finding for myocarditis, immunohistochemistry
for CC9 and SIRT1 might become a new tool for evalu-
ating damage of myocardial cells of fulminant acute
myocarditis. As a limitation, number of cases was not
enough to recommend these immunohistochemical
stains for fulminant myocarditis. However, authors be-
lieve this study was a potentially important prelude to
further studies of the utility of these immunohistochemi-
cal stains. In the future, this immunohistochemical ap-
proach should be performed for other sudden death
cases of myocarditis to validate our findings.
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Fig. 2 Images of immunohistochemical staining in myocardial cells in case 1 (a–c) and case 2 (d–f). a, d Hematoxylin and eosin staining. b, e
Immunohistochemistry for Complement C9. c, f Immunohistochemistry for Sirtuin I (magnification, × 200)
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